A kinetic indirect enzyme-linked immunosorbent assay (k-ELISA) was evaluated for detection of antibody to caprine arthritis-encephalitis virus (CAEV), using sodium dodecyl sulfate-treated CAEV-63 as antigen. Two hundred fifteen caprine sera submitted to the diagnostic laboratory were tested for CAEV antibody by the k-ELISA and by immunoprecipitation of [
Caprine arthritis-encephalitis virus (CAEV) is a ret-
Materials and methods rovirus classified as a lentivirus, with many similarities to ovine progressive pneumonia virus (OPPV).
2,3 Although >30% of domestic goats in the USA are reportedly infected with CAEV, 6, 12 70-80% of infected goats are asymptomatic. 11 Clinical CAEV infections are characterized by progressive arthritis, often accompanied by mammary gland inflammation. 12 CAEV causes lifelong infection despite the development of neutralizing antibody.
2,11
Current testing for CAEV in the USA involves detection of antibodies to core protein (p28) or to surface glycoprotein (gp135) by use of an agar gel immunodiffusion (AGID) test. 1 The commercially available CAEV/OPPV antibody test kit a uses OPPV as the antigen to detect antibody to CAEV.
5 Improved sensitivity results from utilization of CAEV antigen in the AGID test.
7 However, CAEV antigen is not commercially available. An indirect endpoint enzyme-linked immunosorbent assay (ELISA) was recently reported to yield improved sensitivity as compared with the AGID test. 9 The objective of this study was to estimate the sensitivity and specificity of a kinetic ELISA (k-ELISA) relative to immunoprecipitation, using CAEV antigen preparation method previously described. 9 From the Washington Animal Disease Diagnostic Laboratory (Vander Schalie, Bradway, Besser, Evermann) k-ELISA. The CAEV k-ELISA was adapted from a previously described CAEV endpoint ELISA procedure. 9 Pelleted CAEV, b with a TCID 50 of 10 7.24 , was treated with sodium dodecyl sulfate (SDS) c to give a final concentration of 0.1% SDS. After 10 min in SDS with frequent mixing, tubes were centrifuged for 15 min at 10,000 x g, and the resulting supernatant was used as antigen for the ELISA. Antigen preparations were used at a dilution of 1:500 in carbonate coating buffer, pH 9.6. Plates d were incubated with 0.05 ml antigen/ well for 3 days at 4 C then frozen at -70 C until use. Prior to use, the plates were thawed at 37 C, then 0.2 ml ofblocking buffer (0.85% phosphate-buffered saline [PBS] , 1% bovine serum albumin [BSA] , e and 0.2% porcine gelatine [PG] e ) was added to each antigen-containing well, followed by incubation of the plates for 2 hr at 37 C. All wells were washed 6 times with wash buffer (PBS, 0.1% Tween 20, e 0.01% chlorhexidine e ). The wash buffer was removed, and 0.05 ml of test and control sera were added to paired wells at a 1:100 dilution in wash buffer with BSA and PG. After 35 min at 37 C, plates were washed as before, and 0.05 ml of anti-goat IgG f was added to all wells. After 35 min at 37 C, plates were washed, and 0.1 ml of TMB Microwell Peroxidase Substrate f was added to each well. Plates were immediately read on a microplate reader g with 4 optical density readings at 650 taken 30 sec apart, with shaking between readings. Kinetic rates of chromophore development (slopes) and standardized scores were calculated using a commercial software program g by the following method. ELISA kinetic rates (slopes) for each well were determined by the change in optical density per minute. Standards for the assay, set in triplicate on each plate, were as follows: 1) wash buffer (no serum), 2) serum from a CAEV-free experimental herd of Saanen goats that was negative for CAEV antibody by immunoprecipitation (IP), 3) an IP-positive serum from a 5-year-old cesareanderived goat, 85G17, that had been experimentally infected with CAEV as a neonate, and 4) a 1:200 dilution of this same positive serum. Standardized scores were computed by the program based on a 2-variable regression model. Kinetic rates (slopes) of test sera for each ELISA plate were linearly adjusted by the program, using an adjustment factor calculated for each plate from the kinetic slopes of the standard sera.
IP assay. IP assays were performed by D. P. Knowles of USDA/ARS in Pullman, Washington, by a previously described method.
8 [ 35 S]-methionine-labeled CAEV proteins were precipitated by test sera and recombinant protein G, followed by SDS-polyacrylamide gel electrophoresis and autoradiography to detect precipitated labeled protein.
Assessment of ELISA. The CAEV ELISA sensitivity and specificity were determined by 2 x 2 table analysis 13 using different ELISA score cutoff points (Table 1) . Relative sensitivity of the ELISA was defined as the proportion of IPpositive animals positive by ELISA. Relative specificity was defined as the proportion of IP-negative animals that were ELISA negative. The ELISA was analyzed for concordance with IP with the kappa statistic, which measures the degree of agreement beyond that expected by chance.
13

Results
Using the positive cutoff point ELISA score of 80, 117 of the 215 sera tested positive by both ELISA and IP. Seven IP-positive sera and the 91 IP-negative sera were all negative by ELISA (Fig. 1) . Sensitivity and specificity for the ELISA relative to IP using different cutoff points are illustrated in Table 1 . The cutoff point ELISA score of 80, yielding 100% specificity and 94.4% sensitivity, was used in assessing concordance of the ELISA and IP using the kappa statistic. A kappa value of 0.934 indicated an excellent level of agreement between the 2 tests.
One thousand one goat sera submitted to the diagnostic laboratory for CAEV serology were tested using the k-ELISA positive cutoff point of 80 and a suspect range of between 50 and 80. Of these sera, 219 (2 1.8%) were positive, 769 (76.8%) were negative, and only 13.
(1.3%) were in the suspect range (Fig. 2) . virus isolation. In this study, IP was used as the reference test in estimating the sensitivity and specificity of the k-ELISA. The IP assay recognizes antibody to core, surface, and transmembrane proteins of CAEV. 14 The commercially available CAEV/OPPV antibody test kit currently uses an antigenically related lentivirus, OPPV, to detect CAEV antibodies by the AGID test. This test kit is based on shared epitopes of the 2 viruses on both the core proteins (p27 of OPPV and p28 of CAEV) and the surface glycoproteins (gp135).
Discussion
5
However, the immunodominant CAEV and OPPV surface glycoproteins are only approximately 60% homologous in deduced amino acid sequences. 15 Furthermore, the sensitivity of the CAEV/OPPV antibody test kit in testing for CAEV is only moderate when
The diagnosis of CAEV infection, like that of other Figure 2 . Histogram of 1,001 goat field sera tested by k-ELISA using CAEV antigen. Less than 1.5% were in the suspect range, with retroviruses, is based on serologic testing rather than k-ELISA scores between 50 and 80. compared with IP, and use of CAEV as antigen in the AGID test greatly improves sensitivity. ' The improvement of the k-ELISA relative to AGID testing for CAEV supports the findings of previous investigators. 9 The basis for this improvement may be different antigen presentation or antigen production methods in the 2 tests. The AGID test detects antibodies to gp135 and, to a lesser extent, those to p28.
1
The ELISA antigen preparation procedure retains CAEV transmembrane proteins as well as core proteins and surface glycoproteins. In a recent study of goats with progressive CAE arthritis, antibody titers to oligomerit transmembrane proteins were equal to or higher than those to surface or core proteins, as detected by immunoblot. Two aspects of this study provide a more rigorous test of the CAEV ELISA than was previously available. First, the sera chosen to develop this test and to determine its sensitivity and specificity were purposely chosen to overrepresent those with very weak reactivity in AGID. Second, in this study the reference test to identify sera from infected goats is the highly sensitive and specific IP test. 11, 12 Despite the overrepresentation of problematic sera and the use of a highly sensitive reference test, both factors that would tend to lower the apparent sensitivity of the k-ELISA, the k-ELISA had a sensitivity of 94.4%. This sensitivity is significantly higher than that attained by the AGID test using either CAEV or OPPV antigen preparations (Knowles et al., unpublished) .
The percentage of sera that provide weak or uninterpretable results is a major shortcoming of the currently used AGID test. 7, 13 Reducing the percentage of questionable results while still identifying weak reactions that may indicate early infections will significantly aid the diagnosis of CAEV infection. In this regard, this study provides stronger support for the ELISA format than the previously reported ELISA for CAEV antibody, 9 in which problematic sera were eliminated from the sensitivity and specificity study and in which the reference criteria included less sensitive tests than IP.
The positive cutoff point used in this study, a k-ELISA score of 80, was chosen to maximize specificity (100% in reference to the IP test). A slightly lower cutoff point, which would have resulted in increased sensitivity at the expense of specificity, was considered less satisfactory for a test that may cause elimination of an animal from a herd.
A second cutoff point of 50 was chosen to reflect the biological reality that a period of time elapses between the time of infection and antibody development. In the case of sera scoring between 50 and 80 on k-ELISA, results are reported as suspect, and suspect goats should be retested 3-6 months later to allow antibody development in recently infected goats. Of 1,001 field sera submitted to the laboratory for k-ELISA testing for CAEV antibody, < 1.5% were in the suspect range (Fig.  2) , which compares favorably to the 3-5% suspect reactions resulting from field sera tested by AGID using CAEV antigen in this laboratory. This result is a great improvement over the 13% suspect field sera reported with the commercial AGID test that uses OPPV as antigen.
6
The k-ELISA for CAEV antibody was highly sensitive and extremely specific when using IP as the reference test. The k-ELISA provided better agreement with the reference test than either commonly used AGID test. Because of its sensitivity, specificity, and suitability for automated procedures, this k-ELISA could significantly improve the diagnosis of CAEV infection in goats.
